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Abstract 
Fragmentation, the division of continuous habitats into smaller patches of lower 
total area, isolated from each other by a matrix of dissimilar habitats, is an ever-
increasing process that results in wild animals and people living in closer proximity with 
one another. Closeness of wild animals to people presents challenges. For example, in 
Northern Tanzania the village Mto Wa Mbu is located directly adjacent to Lake Manyara 
National Park. Mto Wa Mbu contains four types of localities: road, riverine forest (forest 
along waterways), crop fields, and human habitation. Both animals and people have 
access to all four of these habitats, which enable baboons to raid crops as well as human 
refuse. The accessibility of these human-modified habitats is the focus of this study. This 
study was conducted in Mto Wa Mbu to determine if olive baboons (Papio anubis) 
exhibited discernible behavioral patterns in the four localities of varying human 
disturbance. A total of 3,772 behaviors were recorded in visual scans across the members 
of the group. Instantaneous observations were made of the behavior displayed by the 
individual that were categorized into the following behaviors: eating, moving, resting, 
vigilance, aggression/submission, affiliative (reinforcement of social bonds through 
amicable behavior). Each habitat was statistically evaluated for a possible dependence on 
time of day of behaviors as well as behavior dependence on habitat. For the locality type 
of crop fields, only four scans were completed and the relationship between behaviors to 
this habitat type was insignificant. For the other three habitats (road, riverine forest, and 
human habitation), a statistically significant dependency of behavior on habitat could be 
established. The riverine forest provided an outlet for a more equal distribution of 
behaviors, baboons used human habitation for feeding on human refuse, and the high 
visibility of the road enabled the baboons to feed with low vigilance. Moreover, all 
subgroups’ behaviors in all other habitats (expect for the crop fields) were significantly 
dependent on the time of day. Understanding patterns of behavior and habitat use in 
changing habitats for species, such as crop-raiding olive baboons, is necessary to help 
conservationists manage the human-wildlife interface. 
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Introduction 
 Landscape fragmentation, the division of continuous habitats into smaller 
patches of lower total area, is one of the main determinants of biodiversity loss in East 
African rangelands (Pittiglio, 2009). As the human population continues to expand, the 
need for agricultural land is continuing to increase. Increasing cultivation of lands causes 
an “edge effect”, a disproportionate increase in the outer edge of a fragment (Sillero-
Zubiri and Switzer, 2001). As habitats for animals become increasingly more isolated, 
animals and humans are living in closer proximity with one another. For species such as 
the crop-raiding 1olive baboon, this poses a problem for both animals and people. In 
many areas, croplands are an important source of human income, and nonhuman species 
that crop raid can cause substantial damage, and so are often thought of as pests. The 
interface between animals and humans through crop raiding is one of the most common 
conflicts, and for that reason is becoming one of the most antagonizing relationships. 
This causes a major problem for conservationists because conflict can often result in 
injury or even death of animals. In Northern Tanzania, the village Mto Wa Mbu is 
continuously growing because of its convenient location directly across from Lake 
Manyara National Park. Mto Wa Mbu, with its lush riverine forest as well as the adjacent 
National Park, is home to hundreds of olive baboons. Because Tanzanian National Parks 
are not fenced, this allows the olive baboons to move freely through Lake Manyara and 
the surrounding areas: human habitation, riverine forest, croplands, and the road. My 
research aimed to answer the following questions: (1) Did baboons exhibit different 
behaviors based on the habitat they were in? (2) Did time of day affect the baboon’s 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  when one or more individuals of the olive baboon troop entered a farm (i.e. crossed a farm 
boundary), fed or stole a food item, and left the farm.	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behaviors? (3) Did olive baboons spend their time differently based on their sex and age? 
I tested 3 different null hypotheses (see table 1). I expected to see frequent use of those 
habitats with the lowest human impact. I hypothesized that there would be a relationship 
between behaviors and habitats, between behaviors and sex, and between behaviors and 
time of day.  More specifically, in the riverine habitat I expected to see resting and 
affiliative interactions, in the croplands I hypothesized a high use of behaviors associated 
with aggression and feeding, I expected the road to be used as form of movement from 
the National Park to the three other habitats, and in human habitation I expected to see a 
high amount of feeding.  
Background 
Papio anubis 
Olive baboons are exceptionally adaptable and for that reason are the most 
widespread African primate (Estes, 1991). Olive baboons are characterized by their large 
body size up to 50 kg, dog like head, and their terrestrial habits (Estes, 1991). Males’ 
body size are normally around 23kg and females around 11-12kg, but crop-raiding 
baboons can be around 5kg larger (Estes, 1991; Strum, 1991). Because of their large 
body size people often fear these baboons. They can be found throughout the savannah 
and arid biomes of sub-Saharan Africa wherever water, trees, or cliffs occur (Estes, 
1991). Olive baboons are ecologically flexible omnivores (Barton et al. 1992). They 
utilize all types of food, but choose the most nutritious food available, a trait that has 
made them instinctive crop raiders. Grasses tend to be the most important food source 
accounting for ½ a troop’s feeding time. Yet, because baboons are opportunistic 
omnivores they also consume mushrooms, bark, roots, flowers, fruits, nuts, seeds, and 
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hunt a range of vertebrates (Estes, 1991). The wide variety of food in their diet and large 
home range makes them a strong seed disperser. 
 Baboons group sizes can range from 8 up to 200, and their home range sizes can 
be as large as 1968 ha (Shefferly, 2004). Their large groups have a highly complex and 
variable social organization (Estes, 1991). They live in non-territorial, multi-male troops 
consisting of many resident females and their offspring. Inter-group aggression occurs 
over roosting space, water, and fruiting trees, but territoriality against humans is rare. It is 
a common misconception that baboons display territorial behavior against humans, and 
this misconception further contributes to the conflict between humans and wildlife. Olive 
baboons’ terrestrial locomotion, large group size and easily adaptable diet are the reasons 
for the conflict with humans and are a major issue in Mto Wa Mbu.  
Study Site 
 Mto Wa Mbu is a village located in northern Tanzania, approximately 120 km 
west of and a two-hour drive from the city Arusha (Figure 1). The approximately 28,000 
inhabitants of Mto Wa Mbu rely on crops as their main source of income (Cultural 
Tourism Program). Banana crops are found throughout the village, with over 30 species 
exported (Cultural Tourism Program). With three rivers running through it, including the 
Kirurumu, Mahamoud, and Magadini, Mto Wa Mbu contains a number of distinct 
habitats. Mto Wa Mbu borders the great Rift Valley as well as Lake Manyara National 
Park, and is often the first stop of tourists on the way to many National Parks, including 
Serengeti, Tarangire and Ngorongoro. Lake Manyara National Park begins immediately 
after crossing the Makayuni-Karatu Road with the southeast side of the park bordering 
the road (Figure 1). Because the National Park is so easily accessible to the people of Mto 
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Wa Mbu, people often enter the park illegally to collect firewood. Tanzanians depend on 
wood as their fuel, a pressure many national parks face across the globe (Rantala, 2011). 
Likewise, the animals of the park can just as easily access the village.  The major 
National Parks in Tanzania do not have fencing. Although this is a distinctive aspect of 
national parks in Tanzania, the conflict between animals and people in surrounding areas 
of national parks is continuing to grow because of it. While fencing in the national parks 
could bring more severe consequences, such as altering migrations, without it, the 
baboons can easily access crops, the people of Mto Wa Mbu’s source of income. Olive 
baboons often venture out of the park and into the village to forage on some of the many 
crops or trash left by humans. Because of this accessibility, the human-wildlife interface 
conflict is a serious issue in Mto Wa Mbu. These diverse aspects have formed the four 
distinct localities in Mto Wa Mbu including; the habitat along the road, riverine forest, 
human habitation, and croplands. 	  
Makayuni-Karatu Road 
The first habitat, the Makayuni-Karatu Road, runs directly through the middle of 
Mto Wa Mbu, intersecting the village and the national park. This road leads up to Karatu 
and the other national parks mentioned before. Because this road is so vital to the tourist 
industry, it tends to have safari cars, delivery trucks, and motorcycles constantly driving 
on it. People are often seen walking or riding bicycles down it as well going to the local 
market. One of the social units2 of Papio anubis’ roosting sites is located on the side of 
the road, while the rest of the troop3 can be seen meeting here every morning before 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  2	  A subset of the troop that may split off from the troop during daily activities	  3	  An aggregate of olive baboons that can be up to 200 individuals that can contain multiple adult 
males, adult females, and their offspring	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dispersing into their social units, and normally, the national park. Moreover, the baboons 
also use the road as access to the crops, and because of this, there is increasing conflict 
between humans and wildlife on the road (Figure 2). 
Human Habitation 
The second intra-habitat is human habitation. This habitat starts immediately after 
crossing the road from the national park. Restaurants and houses border the road leading 
up to the people’s homes as well as the national park headquarters and housing for the 
employees of the national park. This area is frequented by the baboons for feeding in the 
various fig trees, tall grasses, and large amounts of trash. Likewise baboons will raid 
homes and restaurants while people are cooking, stealing pots, bowls, chickens, pans, and 
cups (Figure 3). 
Riverine Forest 
The third habitat is the riverine forest. This forest includes the river running 
through Mto Wa Mbu and under the Makayuni-Karatu Road as well as the surrounding 
area. This riverine forest stretches up the escarpment of the Rift Valley back until the dirt 
road that leads up to the national park headquarters, an area often used by baboons. 
Baboons frequently use the riverine forest’s dense vegetation and shade. One of the social 
units of olive baboons’ roosting site is located in the riverine forest. Although it is the 
least disturbed habitat, there is still a road intersecting it used by people for bathing in the 
river, collecting firewood, and moving grazing cattle (Figure 4). 
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Crops 
The last intra-habitat is the crop fields. These agricultural areas are dispersed 
throughout Mto Wa Mbu around houses and as large fields. Crops include bananas, rice, 
beans, mangoes, papayas, and passion fruit. Many crop fields are adjacent to the road, 
and make these crops an easily accessible source of nutrition for baboons. Because crops 
are the main means of income in Mto Wa Mbu, crop raiding has caused the human-
wildlife interface to be a massive concern for park rangers in Mto Wa Mbu (Figure 5).  
 
Methods 
From 7-20 April (16 days), I conducted a study on numerous social units of Papio 
anubis located in Mto Wa Mbu, Tanzania. My sample frame was the troop of olive 
baboons that reside in Lake Manyara National Park but regularly enter the various 
habitats of Mto Wa Mbu. 
I observed the troop for 8.5 hours a day in alternating time slots from 07:00-18:30 
hours. The two time slots were from 07:00-13:00 hours and 16:00-18:30 hours, and 
07:00-12:00 hours and 13:00-16:30 hours. I alternated my hour break to avoid a bias of 
not observing that specific time of day. The periods from 07:00-13:00 hours were 
considered morning and 13:00-18:30 hours were considered afternoon in the analysis. 
Data were collected using group scans4. I included a three-minute habituation 
period	   to avoid a bias on behavioral reactions to my presence. The habituation period5 
was very short because the baboons in Mto Wa Mbu are already extremely habituated, 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  4 visual scans across the members of the troop, making instantaneous observations of the behavior 
displayed by the various individuals 
 5	  after a period of exposure to the stimulus (myself), animals stop responding to my presence	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and rarely reacted to my presence. I used a random-selection process in choosing the 
social unit I worked with. Each morning, I would walk to the end of the road, where often 
the whole troop would be present. If this was the case, I started by scanning the whole 
troop. As the morning progressed, social units would move into the National Park, and I 
narrowed my study to the social unit still present. I found that the baboons followed a 
regular schedule depending on the weather. I used a one-week prep period before data 
were taken, in order to familiarize myself with times and locations baboons could be 
found. If one social unit went into the national park I could search the other locations to 
find a new social unit. If no new social unit was found, I waited by the road until a social 
unit exited the park. 
 I performed a twenty-minute scan with a ten-minute observational period and a 
ten-minute metadata6 period. Starting from the left of the group, I performed three scans 
within the ten-minute period. I divided my scans into three subgroups, including male 
adults, female adults and sub-adults7. I did not include juveniles8, as their behaviors are 
often a poor representation of group behaviors. Likewise, I did not include juveniles in 
affiliative behaviors with other individuals. If an adult female was in contact with a 
juvenile during the scan, another behavior was marked. Juveniles are highly dependent on 
their mother up until the age of three (Estes, 1991), and often cling to their bellies or ride 
their back. Adult females and juveniles are almost always in contact, and therefore, their 
contact would have been a skewed representation of female behaviors.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  6 summarizes basic information about data, which can make finding and working with particular 
instances of data easier 
7 the stage of maturation in which animals are beyond infancy and early childhood but are not yet 
fully grown 
8 distinguished by black natal pelage, small body size, and often clinging to female	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As the behaviors were observed, they were recorded in a behavioral ethogram 
(table 2). After the ten-minute observational period was done, I took ten minutes to 
record metadata. My metadata specifically focused on whether or not certain behaviors 
are associated with different habitats as a whole within the troop. If a behavior was 
observed during metadata collection, it did not count towards the ethogram. The metadata 
gave me an in-depth look at trends seen throughout the troop. Other variables I recorded 
were type of crops raided, duration of crop raids, successful or unsuccessful crop raid, 
number of scans feeding, type of food eaten, duration of home raids, and type of food 
raided (table 3).  
If the troop moved into the National Park, I recorded that the troop was out of 
sight and that this event occurred. The time out of sight was not included in time 
observed. I waited for the baboons to come back into my study area, recorded the time 
and began a new scan. Lastly, if I was able to see members of the troop in two different 
habitats, I recorded behaviors for all baboons that could be seen in the ethogram for the 
habitat in which they were. If a small portion of the troop ventured into another habitat 
out of sight I stayed and recorded the behaviors of the majority of the troop. Due to this 
methodology, I was unable to attain many scans in the crops. 
Modes of analysis included an in-depth look at trends; analysis of behaviors based 
on the three subgroups I performed scans on, overall troop behaviors, and time of day. I 
used a p-value of α=0.05 (95% confidence interval) to see if there was statistical 
significance between subgroups and time of day as well as behaviors and habitat. Using 
the computer software programs, R and excel, I was able to run a chi-squared analysis to 
calculate the p-values and create graphical representations. 
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Results 
Over the 16 days of my study, I conducted 301 observational scans spanning 99.3 
hours in four locality types — along the river (riverine), near human habitation, in 
agricultural fields (croplands) and along the road. I recorded 3,772 individual behaviors 
summed across three different categories of individuals, i.e., adult male, adult female, and 
sub-adults.  
Based on the total number of observations, baboons spent most of their time along 
the road and rarely entered the agricultural fields (Figure 6). The distribution of the 
amount of time making observations across the four habitats was highly uneven: 
approximately 50% of the observations were conducted along the road and less than 1% 
were done in the crops.  
I identified six distinct behaviors, i.e., eating or drinking, resting, moving from 
one place to another, vigilance, aggression or submission, and affiliative behavior9. 
Activity budgets revealed that baboons spend most of their time eating and drinking and 
the least amount of time engaging in inter-individual aggressive or submissive behaviors 
(Figure 7). There was a statistically significant difference in the number of different 
behaviors across the different habitat types (chi-square=52, p=1.104e-07);(table 5). 
Baboons’ behavioral diversity also differed across habitats (Figure 8). There was less 
behavioral diversity in human habitation compared to along the road and in the riverine 
forest.  
In separately assessing behaviors by subgroup it was found that, all subgroups 
(males, females, sub-adults) fed the most, but that there was variability in the way each 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  9	  reinforcement of relationships through amicable behavior	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subgroup allocated their behaviors (Figure 9). For example, females groomed more often 
than males and sub-adults. Specifically, in the riverine forest there was a sizable amount 
of time spent on affiliative interactions (Figure 10). This figure shows that, based on 
proportions of time, females (34.6%) tend to spend more time on affiliative actions than 
males (20.8%) and sub-adults (23.9%), and sub-adults and males are very similar in the 
amount of time they spend building relationships. However, there was no statistically 
significant difference in the way baboon subgroups spent their time (chi-square=12.0276, 
p=0.2832). 
 Time of day also had an effect on the baboons’ behaviors. Along the road 
and in the riverine forest, affiliative interactions were observed primarily in the morning, 
while feeding increased in the afternoon (Figure 11). In human habitation, the baboons 
budgeted their time similarly in both the morning and afternoon. In the three habitats 
road, riverine, and human habitation it seemed there was a statistical dependence of 
baboon behaviors on time of day for each subgroup (table 5). The crops were 
insignificant due to insufficient amount of data.  
Crops 
Due to the paucity of data, the croplands could not be assessed in detail. There 
were only three behaviors observed during visual scans, i.e., eating/drinking (47%), 
moving (41%), and aggression/submission (12%) (Figure 12). Females were observed 
crop raiding the most during scans (8 observations) and males were observed the least (4 
observations). Females and sub-adults were seen eating the most, and males were seen 
aggressive/submissive the most (Figure 13). More crop raids seemed to take place in the 
morning, and the most raided crop was bananas (table 3). For metadata collection and 
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group scans combined, sub-adults crop-raided the most while females crop-raided the 
least. The duration of crop raids was anywhere from under a minute to 12 minutes and 
often took place in small groups.  
 
Discussion 
Overall use of four intra-habitats 
Studying relationships of behaviors in olive baboons gives important insight into 
their habitat use regarding cost-benefit analysis10(Table 4). Although the road had the 
highest degree of human disturbance, the baboons frequented here the most. Baboons 
spent most of their time foraging and the least time was used on aggressive and 
submissive behaviors. The reason a large quantity of time was spent on foraging may be 
due to the fact that, unlike most African wildlife, baboons do not have periods of heavy 
eating in the morning and afternoon with periods of inactivity in between (Estes, 1991).  
Baboons constantly foraging for food may be the reason for this species’ high 
level of conflict with humans. Furthermore, baboons are not territorial and most often, 
competition is over roosting space or food if resources are limited (Estes, 1991). For this 
reason, aggression and submission were low because during the period of study fig trees 
were fruiting and were found in three of the four localities. Aggression is a high cost 
behavior and baboons should only carry out aggression when necessary. There were also 
many crops and food was plentiful. When aggression did occur it occurred post-crop 
raids for nutritious, high-energy foods like papayas or bananas.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  10	  A species ability to modify their behavior so that they receive an optimal balance of 
benefits and costs. Benefits are counted in terms of net energy intake (consumed calories) 
per unit time.	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Intra-habitat: Makayuni-Kiratu Road 
Although the road was highly disturbed by humans, baboons spent the most time 
there, which could previously be explained by predator avoidance (Hill et al. 2007); 
(table 4). Baboons see humans as less of a threat than the predators found in the national 
park and may actively avoid the park. Baboons are able to remember and apply memories 
to their future (Fagot and Cook, 2006), and since the national park borders the road, 
humans are unable to harm baboons along the road because park rangers patrol it. 
Contrary to what had been previously believed, Isbell (1994) found that, in areas like 
savannahs with few trees and short grasses, the predation risk may be lower because 
stalking predators have little cover to hide. Moreover, baboons favor foraging in areas 
that have high tree density over areas with low visibility because of the correlation 
between predation risk and low-level bush cover (Stacey, 1986; Hill, unknown). Since 
baboons are terrestrial animals, ground level cover is where visibility is affected. The 
road had trees bordering it on both sides, which allowed for an easy escape, while the 
road created an area of clear visibility. When children along the road chased the baboons, 
the animals were able to flee into the trees and to the national park border, where they 
knew humans would not cross. By feeding along the road, they were able to see where 
humans were at all times, in contrast to the riverine forest and national park, where 
visibility was poor. Baboons will choose to feed in suboptimal foraging localities if the 
risk of predation is lower (Cowlishaw 1997).  
The morning seemed to have an interesting effect on the baboons’ behaviors in 
this habitat. Females and sub-adults were most frequently affiliative in the morning. 
Temperatures influence behavior; specifically, there is an increase in grooming and 
	   16	  
resting behavior with higher temperatures (Hill, 2006). Females remain in the same social 
unit their whole lives, and because of this grooming is more important for females 
because it helps maintain relationships for mating, protection of themselves and their 
child as well as hierarchy status (Silk at al. 2010). Females often groomed along the road 
to maintain relationships for mating. In addition, females often have regular grooming 
partners (Estes, 1991), a common relationship that alleviates stress due to social 
instability (Wiitg et al. 2008), and eliminates ectoparasites (Akinyi et al. 2013). Lastly, 
females also have families that need to be groomed to increase their chances of surviving 
and reproducing.  
In all four habitats, I did not see females and sub-adults vigilant often. Males 
primarily take the role of the troop protector, finding higher areas with clear visibility to 
scan, sitting and waiting until the troop had passed them and alarming the troop when 
needed (Hall 1960). Likewise, males also play a role in enforcing regulated social 
interactions to maintain the society (Bernstein and Gordon, 1974), which was often done 
by running back-and-forth around the troop, or moving to an area with higher visibility. 
Baboons are quite habituated in Mto Wa Mbu, which allowed them to only be vigilant 
when humans passed close by them or were attacking them. When the day’s heat had 
come, the baboons would focus on less energy-expensive behaviors. Aggression and 
submission were the least used behaviors. Overall, aggression seemed to be low in the 
morning, the baboons had just woken up and affiliative behaviors are more energy cost 
effective for this time. In the early morning since few people were walking or outside 
their houses, there was little conflict, allowing vigilance and aggression to be the least 
used behaviors. Overall, the frequent use of the road suggests that predation risk plays a 
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major role in baboon behavior, with evidence shown in activity choice and habitat 
selection (Kruuk et al. 1967). 
Intra-habitat: Human habitation  
In the locality human habitation, behavioral diversity declined, indicating that 
baboons behave differently where humans live than in other habitats. Behavioral diversity 
can be affected by environmental differences (Wrangham et al. 1994).  Primates alter 
their behaviors based on whether there is excess or deficiency of certain resources. 
During the first seven days of my study, the fig trees were fruiting and the baboons were 
in the human habitation locality every day, for a large portion of the day, feeding on figs. 
The baboons that were not feeding on figs, fed on the trash on the ground.  As I had 
hypothesized the food in this habitat was easily accessible, and there was a low energy 
cost to get it. Most of the time baboons were in human habitation, this took place at the 
national park headquarters and housing around it. People who work for the national park 
value wildlife and, therefore, the risk of being in this habitat was low.  Human habitation 
may have exhibited low behavioral diversity, focused on feeding, because this area had 
the lowest predation risk with highest nutrition award compared to other localities. This 
shows that baboons respond behaviorally to habitat-specific levels of predation risk, even 
in a low predator-density environment (Hill et al. 2007). 
Despite the fact that food is accessible; in close proximity to humans, this 
accessibility may have negative effects on baboon health. Rolland et al. (1985) focused 
on three baboon groups; two having an undisturbed existence in natural habitat and the 
other living in close proximity to a tourist lodge and having daily contact with human 
refuse. The group that fed on human refuse had significantly higher loads of enteric 
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antibiotic-resistant bacteria than the undisturbed baboons. Similarly, other studies have 
shown that increasing human contact was associated with higher prevalence of infection 
and parasites (Mueller at al. 1997; Wallis et al. 1999; Mbora and McPeek, 2009). Even 
though conservation efforts encourage humans and primates to peacefully live with one 
another, more studies need to be conducted on primate groups that have close contact 
with human refuse to ensure their safety. In addition, in areas like Mto Wa Mbu, where 
wild animals are sharing the same water source as humans, disease can spread through 
the water, which creates a concern for humans as well (Wallis and Lee, 1999). Human 
habitation is an area of little concern in the human wildlife interface in Mto Wa Mbu, but 
comparative studies on the long-term effects of close contact with human refuse and 
water sources need to continue to ensure the safety of both animals and people.  
Intra-habitat: Riverine Forest  
Although the riverine forest provided the highest foraging profitability, the 
predation risk in this environment presumably was high, and the forest was used least 
than expected.   In the riverine forest, baboons distributed their time on behaviors more 
equally than other habitats. Baboons budgeted their time spent on foraging, resting, 
maintaining social relationships and moving comparably, while aggression/submission 
and vigilance were used minimally and similarly. This subdivision of behaviors 
presumably was based on the fact that the riverine forest supplied tall grasses, water, trees 
that provided shade to rest, and a highway to move from the escarpment to the forest or 
the forest to the human habitation. Contrasting with what most people believe, my 
findings as well as other studies show baboons avoided areas where visibility was low, 
which may be the reason for the riverine forest to be the third least-used habitat (Stacey, 
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1986; Cowlishaw, 1997). Avoidance of high-risk areas with an abundance of food 
sources has been observed in other species as well. Shortly after a gorilla was poached in 
a certain area, a band of mountain gorillas avoided this area despite high foraging 
profitability (Watts, 1988). This “full trade-off”11  displays how, despite high food 
availability, baboons will spend less time in the locality riverine forest and more time in 
the safer yet food-poor habitat, the road (Cowlishaw, 1997). 
  Compared to other habitats, less time was spent eating in the riverine forest. 
Perhaps, and similar to other studies, the baboons in my study are showing avoidance of 
feeding in a high-risk woodland despite its high food availability (Kruuk and Turner, 
1967). Reduced foraging effort leaves time available for social interactions (Clarke et al. 
2002; Gabriel, 2013; Li and Rogers, 2005; Wong and Sicotte, 2007). There was a 
frequent occurrence of affiliative behaviors in the riverine forest (Figure 8). Based on the 
proportions of time I calculated, females are spending more time on affiliative behaviors 
than males and sub-adults, and males and sub-adults are very similar. In other words, 
females are spending more time maintaining relationships than the other two subgroups. 
Relationship quality in females has shown to have a higher effect on longevity than 
dominance rank (Silk et al. 2010). Females use affiliative actions more than males 
because affiliative behavior can increase the longevity of their family fitness. The low 
conflict with humans and the low-nutrition food (grasses and leaves) in this habitat 
allowed the baboons to frequently use affiliative interactions while expending little to no 
energy over competition of food. 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  11	  baboons respond to variation in food availability and predation risk through habitat use 	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 Temperature and rain have pronounced effects on animals both directly and 
indirectly by affecting productivity of food (Bronikowski and Altmann, 1996).  In the 
afternoon, baboons fed most often (Figure 11). As the day’s heat subsides, the baboons 
are able to stop resting and begin foraging again. Since my study was conducted during 
the wet season, a comparative study in the dry season should further investigate the use of 
this habitat to allow more robust conclusions. When food productivity is low during the 
dry season, the risk of using the riverine habitat may be worth the reward of plentiful 
food. The riverine habitat clearly provided a means for the baboons to maintain social 
relationships and seek shade during the day’s heat. 
Intra-habitat: Crops 
  Baboons exhibited the most specialized behavior when they were in the crop 
habitat. Instead of the whole troop moving into the habitat and exhibiting a similar set of 
behaviors, baboons tended to invade the crop habitat as coalitions of a few individuals 
that often included an alpha male. Most crop raids were carried out by 1-3 individuals, 
which is consistent with the data collected in other studies (Wallace and Hill, 2012; 
Warren 2003). Fewer baboons make less noise and increase the chance of a successful 
crop raid. Crop raiding alone or in small groups may be a tactical behavior to minimize 
risks while increasing the maximum individual return (Wallace and Hill, 2012).   
Eating/drinking, moving, and aggression/submission, were the only three behaviors, 
which is consistent with the predictions of the predation theory that baboons should move 
quickly, eat only small items, and carry food away with them (Warren 2008). Eating took 
up the majority of their time in crop raids because in high predation risk environments, 
the habitat is used exclusively for feeding (Cowlishaw, 1997). Although there were very 
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few scans conducted in the crops, the metadata period created a useful insight into crop 
raiding (Table 3). 
Baboons strategically crop-raided more in the early morning than the afternoon, 
presumably because there were few people outside in the early morning. In a study on 
Assamese macaques, these species were also found to crop raid predominantly in the 
morning (Regmi et al. 2013). Similar studies have shown that a number of different 
primate species followed distinct monthly patterns of crop foraging; specifically baboons 
seemed to show distinct, non-random patterns of crop foraging (Naughton-Treves et al. 
1998). Knowing daily and seasonal crop raiding variations can help in creating time 
specific defenses.  Crop raids also varied in duration of time (table 3). Crop raids were 
conducted in a “hit and run style”12 or for an extended amount of time when it was safe to 
do so. In a “hit and run style” crop raid baboons only snatched 1 or 2 fruits per individual, 
but in crop raids with long durations, each individual could feed and take multiple fruits, 
causing extensive damage. Hill found that on average 19% of crops were lost to baboons 
in a 12-month study (1999).  These differences in the duration of time could reflect the 
baboons’ adaptability to perceived on-farm risks, such as probability of detection 
(Wallace and Hill 2012). Additionally, the only crops observed to be raided were ones 
directly across the street from the national park. Hill found that the vulnerability to crop 
raiding depended on the distance from farm to forest edge and the crop grown (Hill 
1999). Primates usually remain near the edge of high-risk habitats in order to flee 
(Wallace and Hill 2012). Consequently, the further the crops from forest edge, the least 
likely baboons are to crop raid. 100% of the crop raids observed were successful (table 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  12	  Crop raids that lasted less than a couple minutes with the sole purpose to steal food and run 
away to avoid conflict with humans	  
	   22	  
3). 
One difference between the effects of crop raiding and raiding in human 
habitation is that crop-raiding baboons may have potential fitness benefits (Gabriel, 
2013). In previous studies, crop-raiding primates have been in better physical condition 
and had a higher rate of infant survival compared with naturally feeding primates 
(Weyher et al 2006). Successful crop-raiding baboons may have an energetic advantage 
over non-crop-raiding primates because of the high caloric content of cultivated food 
from crops (Strum 1994), which also enables them to expend more energy on additional 
crop raids. More specifically in a comparison to the wild foraging troop of baboons to a 
crop-raiding troop, the crop-raiding troop had lower helminth loads (parasitic worms) 
(Weyher et al. 2006). These latter studies show that crop raiding does not have negative 
health effects on primates, but the energetic advantage resulting from feeding on crops 
contributes more to the conflict between humans and baboons. 
  Although baboons thrive in human-modified areas due to the fact they are 
intelligent animals, their tactical crop raiding can inflict an immense amount of damage. 
In a study done in Kibale, where guenons (Old World monkey species) visited crops 
more frequently than baboons, baboons still caused the most damage to crops of all 
wildlife, even more so than elephants (Hill 2008). The extent and intensity of damage 
made by crop raids can depend on numerous factors such as cropping patterns, density of 
the population, and available foods in wild habitats (Marchal and Hill 2008). Knowing 
which crops are favored by the primate species in that area can help farmers save money. 
Conserving certain tree species can lessen primate-raiding intensity on perennial crops 
(Naughton-Treves et al, 1998). During the first week of my study, there was a large 
	   23	  
quantity of fruiting fig trees and no crop raids were observed. Once the figs had been 
eaten by the second week of the study, crops raids began. When there was higher food 
availability, baboons apparently prefer to forage on the less risky food. Since figs are a 
high energy, low cost food, fig trees could be an excellent approach to deter baboons 
from raiding. Similarly, by creating a monoculture of unattractive crops such as tea, 
coffee, or medicinal plants around more attractive crops like bananas or papayas, a buffer 
zone can be created to discourage primates from crop raiding (Marchal et al. 2008). 
Farmers have said growing less palatable crops may be one of the most effective 
solutions to reduce crop raiding (Wallace and Hill, 2012). By observing specific crop-
raiding patterns for given species, conservationists can work with locals to implicate 
deterrents against crop raiding during peak times. Since fragmented forests are rapidly 
becoming the dominant land use in the tropics, examining temporal patterns of crop 
raiding highlights foraging strategies of species that can be used in conservation efforts 
(Naughton-Treves et al. 1998). Areas like Mto Wa Mbu create an attractive habitat for 
primate species. The primates are able to access abundant and concentrated high-quality 
food sources near an extensive amount of sleeping sites (Hoffman and O’Riain, 2012). 
These high quality food sources and sleeping sites typically allow for an increase in troop 
size and densities, and a decrease in home range size. Similar effects on ranging patterns 
have been reported for many primates, not just baboons (Altmann and Muruthi, 1988). 
This creates a bigger issue because now there are an increased number of baboons in a 
smaller area trying to attain high quality food sources. As habitats continue to provide a 
means of easily accessible food sources and sleeping sites crop raiding will continue to be 
an issue.	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Conservation application: Fragmented Habitats 
 The integration of animals into human-modified habitats may not be detrimental 
to baboons, but it can have a serious effect on other species. Ninety percent of primate 
species worldwide are dependent on forest fragments (Chapman et al. 2000). Although 
baboons thrive in many ecosystems, many other species are eliminated by the conversion 
of forests to agriculture. In Uganda, red colobus, blue monkeys, redtail monkeys, and 
grey-cheeked mangabeys were all affected negatively by deforestation (Chapman, 2000). 
The size of fragments can have adverse effects on many primate species’ health. Both 
grey-mouse lemurs and colobus monkeys’ parasite load increased with the degree of 
forest degradation (Gillespie and Chapman 2006; Raharivololonal and Ganzhorn 2009). 
This is consistent with the results of the study mentioned earlier that showed baboons 
feeding on human refuse had high helminth loads.  Habitat loss varies across different 
areas, but Africa has some of the highest rates, which has caused agricultural losses due 
to wild animals to be about 40% of all crops planted per year, i.e., some of the highest 
losses in the world (Nahonyo, 2001). In Tanzania alone chimpanzees, baboons, vervets, 
red-tailed guenons, blue monkeys, and black and white colobus monkeys have all been 
observed crop raiding (Hill 1999). By 1986, 43% of Tanzania’s original wildlife habitat 
had been converted for other uses and has only continued to increase (Kaswamila, 2010). 
The reason Africa is of particular concern is because it is a biodiversity hotspot and 
harbors at least 30% of extant primate species (Mittermeier et al. 2012; IUCN, 1996). 
Working with local people and obtaining suggestions from them is crucial to 
developing sustainable solutions to this ongoing issue. In places such as Tanzania, where 
farmers often are already limited financially, famers are spending $10-$35 per month on 
pest control, while their income is being reduced by 1.3% and, on average, 0.08 
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ton/annum of crop yields are lost (Kate 2012; Kaswamila 2007). Similarly, in a study on 
local perceptions in Indonesia, crop raiding was reported by 94.9% of the interviewees as 
the most important determinant of crop yields (Marchal and Hill, 2008). Losses incurred 
by farmers make the relationships between farmers and wild species antagonistic.  
Changing the people’s perspective on these animals is extremely important in order to 
avoid an impediment on conservation strategies.  In the Selous Game Reserve in 
Tanzania, crop damage by livestock is comparable to that by wild species but is rarely 
complained about because livestock are perceived as beneficial and farmers are able to 
ask for compensation (Gillingham and Lee, 2003). If the government compensated 
farmers for reported wildlife damage, the farmers could potentially reduce complaining 
and conflict. As mentioned earlier, 90% of Tanzania’s human population is dependent on 
wood as their source of fuel. If local people understood the importance of seed dispersal 
by these animals for the growth of forests, they might consider them beneficial like 
livestock.  
 Crop raiding is not only being carried out by ubiquitous, highly adaptable 
primates such as baboons or vervet monkeys, but increased habitat destruction has also 
caused endangered species to migrate into human habitation. The close proximity of 
agricultural land to forest edge has caused both the critically endangered Sumatran 
orangutan and endangered chimpanzees to crop raid, something conservationists need to 
monitor (Marchal and Hill 2008; Kate 2012).  
Suggested solutions vary from location to location, but often local people have the 
most effective suggestions since they are the ones experiencing the problem. In one 
Esilalei village, the intensification of ranger patrols in the Tanzania National Park System 
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and the active involvement of local people in the preparing the land-use plan were 
emphasized (Mwalyosi, 1991). Other obvious mitigations include fencing of national 
parks, compensation by the government for crop destruction by wild animals and 
relocation of landless people to areas of low population. These solutions are very 
complex. Although South Africa has many fenced national parks, Tanzania is home to 
many major wet season dispersal routes for over 10,000 wildebeest and 800 zebra 
(Mwalyosi, 1991), and fencing could be detrimental to this migration route. Given the 
fact there are a number of potential solutions, areas facing the issue of habitat degradation 
and crop raiding need to assess the primary reasons and apply solutions that have worked 
in the past. Conservationists need to draw on the competence and dedication from various 
levels of society, from the government down to communities.  
 
Conclusion  
 My observations on the olive baboons in Mto Wa Mbu suggest that their behavior 
relates to both the habitat they are in and the time of day. Since wild animals have 
ecological reasons for their behaviors, having more information about different species, 
their daily activities, and their use of habitats can help in creating future solutions in the 
human-wildlife interface. Many villages and towns throughout the world border national 
parks and other areas with high densities of animals. People within these villages need to 
be educated on the importance of these animals and their presence in the different 
ecosystems. Baboons are highly adaptable and will continue to be widespread and, 
therefore, it is important to focus closer in on this species, and similar species and their 
conflict with humans. As the human population rises globally and habitats become 
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increasingly more fragmented, animals will have to adapt to partially living in human 
habitats, and humans will have to adjust to this new way of living. At the same time, the 
needs of people should be taken seriously and be protected in ways that do not conflict 
with conservation efforts.  
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Figure 1: Maps of Tanzania; shows the location of Tanzania in Africa, and the location 
of Mto Wa Mbu and surrounding National Parks. Pictures taken from  www.weather-
forecast.com , thecollaboratory.wikidot.com.  
 
 
 
 
 
 
 
 
 
 
Figure 2: Makayuni-Karatu Road, one of the four intra-habitats used in this study. 
 
 
 
 
 
 
	   34	  
 
 
 
	  
	  
Figure 3: Human habitation, one of the four intra-habitats used for this study.  
	  
	  
Figure 4: Riverine forest, one of the four intra-habitats used for this study. 
 
	  
Figure 5: Crops, one of the four intra-habitats used in this study. 
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Figure 6: Activity budget for the time spent in all four intra-habitats. Percentages were 
calculated from the total number of scans (n=301) and number of scans in each habitat. 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Activity budget in the three intra-habitats, i.e., human habitation, road, and 
riverine forest. Percentages were calculated by (n=# of times behavior was observed/sum 
of all behaviors*100).	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Figure 8: Displays baboon behavioral diversity across the three habitats: road, riverine 
forest, and human habitation. 
 
 
 
 
 
 
Figure 9: Activity budget for the three subgroups of males, females, and sub-adults. 
Percentages were calculated by (n=# of times behavior was observed/sum of all 
behaviors*100). 
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Figure 10: Graphical representation of the proportion of time each subgroup spent on 
affiliative behaviors in the riverine forest. Percentages were calculated by 
(n=affiliative/sum of all behaviors*100). 
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Figure 11: Activity budget for the morning, 7:00 a.m.-1:00 p.m. (top) and afternoon 1:00 
p.m.-6:30 p.m. (bottom) for all subgroups of olive baboons in all four intra-habitats. 
Percentages were calculated by (n=# of times behavior was observed/sum of all 
behaviors*100). 
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Figure 12: Activity budget for the intra-habitat crops. Percentages were calcuclated from 
total numbers of behaviors recorded at crops (n=17) in 4 scans. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: Activity budget in the intra-habitat crop by subgroups, i.e., females, males, 
and sub-adults.  
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 #1 #2 #3 
Null hypotheses baboon behavior 
is the same across 
habitats 
baboon behavior 
is the same across 
gender and age 
baboon behavior 
is the same over 
the course of a day 
Predictions no difference in 
the types and 
frequencies of 
behaviors across 
habitats 
no difference in 
the types and 
frequencies of 
behaviors between 
gender or age 
groups 
no difference in 
the types and 
frequencies of 
behaviors between 
morning and 
afternoon 
Table 1: Displays null hypotheses and predictions tested in this study.  
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Ethogram of Behaviors Collected from Scan 
Behavior Definition 
Eating/Drinking 
 
Moving 
 
Resting 
 
 
 
 
Vigilance 
 
 
Aggression/Submissive 
 
 
 
Affiliative 
Foraging and consumption of edible materials/liquids. 
 
Walking, running, climbing, jumping: any action that gets the 
baboon from one location to another. 
 
Sitting, laying, sleeping, standing: an stationary action that 
does not involve any other action (such as eating, grooming, 
vigilance). 
 
Awareness of surroundings resulting in break from all other 
actions, lasting more than 3 seconds. 
 
A forceful or hostile action against another individual 
including rough behavior, threats, chasing, biting and teeth-
baring (as defined in appendix 2). The response to aggressive 
actions such as flee, crouch, avoid and teeth baring. 
Actions that do not fit in the above categories but that fit in the 
categories in the ethogram found in Appendix 2 (affiliative 
behavior). Often behaviors associated with social bonding. 
 
 	  
Ethogram of Behaviors  
Behavior Definition 
Aggressive Behavior 
Rough Behavior 
 
 
 
Threat 
 
 
Chase 
 
Bite 
 
 
 
Severe Bite 
 
 
Submissive Behavior 
Teeth-baring 
 
-mild agonistic interactions involving slight physical contact 
and usually no facial or vocal components.  May include: 
nipping, grabbing, kicking, pulling, pushing, poking, slapping, 
pulling hair, butting, shoving. 
-moderate agonistic interactions containing any of several 
facial, vocal, or physical components.  Can occur without 
contact.  Must be clearly directed toward another individual. 
strong agonistic interactions involving pursuit past the location 
the recipient maintained at the start of the interaction. 
intense agonistic interactions during which the skin/limb of 
another animal is grasped with the teeth for less than three 
seconds.   
agonistic interaction during which a strong grip of the skin/limb 
of another with the teeth lasts for more than three seconds, 
usually accompanied by head shaking. 
 
 
A facial expression in which the teeth are bared by tightly 
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Crouch 
 
Avoid 
 
 
Flee 
 
 
Affiliative Behavior 
Proximity 
 
 
 
Groom 
 
 
 
Self Grooming 
 
Sitting in Contact 
 
 
 
Contact 
 
 
Touch 
 
Mount 
 
Play 
 
 
 
pulling back muscles of the face. 
-lowering the chest and/or head to a position just above the 
ground by bending the forelimbs and/or hindlimbs. 
-moving more than one step from an animal within 5 seconds of 
an approach.  May include moving aside, or walking away.   
-rapid withdrawal from another animal within 5 seconds of an 
approach.  May occur in response to aggressive behavior as 
well. 
 
approach to within 1m of another animal, with any part of the 
body, for at least 5 seconds with no other scorable behavior.  
Proximity bouts end with distance in excess of 1m for over 5 
seconds. 
manipulation of the fur of another animal with hands and/or 
mouth for at least 5 seconds.  Grooming bouts end with 
interruptions of more than 10 seconds or by moving a distance 
of over 1m. 
Manipulation of the fur of one’s self with hands or mouth for at 
least 5 seconds.  
huddling, stationary contact other than grooming, with another 
individual for more than 5 seconds.  Bouts are punctuated by 
interruptions of more than 10 seconds or by moving a distance 
of over 1 meter. 
-contact with the hands, feet, body, tail of another individual 
which does not include grooming(but does include being 
groomed), sitting in contact, mounting, playing, or passing 
contact, but lasting more than 6 seconds. 
-contact with the hands, feet, body, tail of another individual 
lasting less than 6 seconds. 
-sexual behavior which includes foot-clasp, thrusting, and 
apparent intromission.  Bouts are punctuated by dismount. 
-social interactions of 3 seconds or more that are characterized 
by apparent low tension and usually accompanied by a “play 
face” (a facial gesture in which the mouth is open and the facial 
features are relatively relaxed), may include any of the 
following: grunting, wresting, sham-biting, jumping on, 
jumping over, chasing, fleeing, hiding, and related activities.  
Bouts are punctuated by interruptions of more than 10 seconds 
Table 2: Behavioral ethogram used to distinguish different behaviors in olive baboons 
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Table 3: Table 3 displays the crop raids observed by male, female, and sub-adult olive 
baboons during both group scans and metadata. The table displays the information that 
was accumulated regarding the type of crop raided on, successful or unsuccessful crop 
raid, duration of the crop raid and what subgroup members participated. 
 
 
 
 
 
 
 
 Food 
availability 
Food risk Shade 
availability 
Predation 
Risk 
High or 
Low energy 
food; type 
Road Low Low Low Low Low; grasses 
and leaves 
Human 
Habitation 
High Moderate Scattered Moderate High; fig 
trees, human 
refuse, 
human food 
Crops High High Moderate 
depending 
on crop 
High High; 
various 
fruits 
Riverine 
Forest 
High Low High High Low; leaves 
and grasses 
Table 4: Table 4 displays the four intra-habitats’ cost/benefit analyses. 
 
 
 
 
 
 
 
 
 
 
Time Type Successful Duration Troop Members 
4:40pm Avocadoes                 Yes                           3S 
4:50pm Passion fruit             By 1 F                    2M 1F 
7:50am Bananas/mandaci               Yes             11:58s            1M, 1F, 1S 
7:30am Bananas             By 2 S                   1M, 2S 
8:10am Papayas                 Yes          5 M, 9 S, 2 F 
10:20am Passion fruit                 Yes                 1 M, 1 F 
10:34am Passion fruit                 Yes             47.47s                         1 F 
4:40pm Avocado                 Yes                         1 M 
11:58pm Bananas                 Yes          2 individuals 
10:44am Guavas                 Yes             11:14s  
1:47pm Papaya                 Yes                          1 F 
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 Females/time 
of day 
Males/time 
of day 
Sub-adults/time 
of day 
Habitat/Behaviors 
Road <.01 <.01 <.01 <.01 
Human 
Hab 
0.013 0.037 0.017 <.01 
Riverine <.01 <.01 <.01 <.01 
Crops    .424 
Habitat/behaviors across all 4 habitats Chi=52.0765 
df=10 
P=1.104e-07 
Subgroups Chi=12.0276 
Df=10 
P=.2832 
 
Table 5: Results of chi-square tests for the p-values of all four intra-habitats: road, 
riverine forest, human habitation, and crops. P-values in columns 1-3 represent whether 
subgroups’ behaviors were dependent on time of day for each habitat. Column 4 
represents whether behaviors depended on the habitat they were in. Row 5 shows the p-
value for the difference of behaviors summed across all four habits. Row 6 displays 
whether there was a significant difference between the three subgroups. 
	  
 
